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Chapel Hill, NC
Purpose: We investigated whether routine ligation of incompetent perforator veins is necessary in treatment of symptom-
atic chronic venous insufficiency (CVI) due to combined superficial and perforator vein incompetence, without deep
venous insufficiency.
Methods: This was a retrospective review of prospectively collected data. Twenty-four limbs with both superficial and
perforator venous incompetence but no deep venous insufficiency were identified at venous duplex scanning. Air
plethysmography (APG) was performed preoperatively, to obtain venous volume (VV), venous filling index (VFI),
ejection fraction (EF), and residual volume fraction (RVF) of the affected limb. Saphenous vein stripping from the groin
to knee and powered transilluminated phlebectomy for varicosity ablation were performed in all patients. Postopera-
tively, all patients underwent duplex scanning and APG to determine the status of the perforator veins and hemodynamic
improvement from surgery.
Results: Average patient age was 55.8 years; 62% of patients were women. CVI was class 3 in 4 limbs, class 4 in 12 limbs,
and class 5 and class 6 in 4 limbs each. Postoperative duplex scans demonstrated that 71% of previously incompetent
perforator vessels were now competent or absent. Significant improvement in all APG values was documented after
superficial surgery. VFI improved from 6.0 2.9 preoperatively to 2.2 1.3 after surgery (P < .001); EF improved from
56.3  18 to 62  21 (P  .02); and RVF improved from 40.1  19 to 28.3  18 (P  .009). Mean preoperative
symptom score (5.3  1.9) was significantly improved at mean follow-up of 18.3 months (1.4  1.2; P < .001).
Conclusion: Patients with superficial and perforator vein incompetence and a normal deep venous system experienced
significant improvement in APG-measured hemodynamic parameters and clinical symptom score after superficial ablative
surgery alone. This suggests that ligation of the perforator veins can be reserved for patients with persistent incompetent
perforator vessels, with abnormal hemodynamic parameters or continued symptoms after superficial ablative surgery. (J
Vasc Surg 2003;38:891-5.)
Thirty percent to 50% of patients with symptomatic
chronic venous insufficiency (CVI) have a combination of
superficial and perforator insufficiency without deep ve-
nous disease.1,2 In these patients, routine perforator liga-
tion has been recommended, along with superficial ablative
surgery, as optimal treatment.3,4 The subfascial endoscopic
perforator vein surgery (SEPS) procedure for ligating per-
forator vessels offers low risk, with few of the wound
complications associated with the Linton procedure.3,5
However, the hemodynamic significance of incompetent
perforating veins remains controversial. Inasmuch as perfo-
rator surgery is usually performed along with superficial
ablative surgery, the relative contribution of each to patient
improvement is not known. Several reports have docu-
mented improvement in venous hemodynamics after liga-
tion of the saphenous and perforator veins, but none of
these studies evaluated the degree of hemodynamic im-
provement after surgery on the superficial vessels only.6-8
Stuart et al9 reported that treatment of superficial and
perforator incompetence with superficial surgery alone re-
sulted in correction of perforator incompetence in 80% of
patients. However, hemodynamic and clinical results of this
method were not reported.
The objective of this study was to enroll patients with
only superficial and perforator vein incompetence in CEAP
classes 3 to 6. Air plethysmography (APG) and clinical
symptom scores were used to determine degree of hemo-
dynamic and clinical improvement after superficial ablative
surgery alone.
METHODS
Over 12 months 108 patients were evaluated for symp-
tomatic venous insufficiency with duplex ultrasound (US)
scanning and APG by two experienced, registered vascular
technologists. Duplex US scanning was performed with the
patient supine, in the 30-degree reverse Trendelenburg
position. A 5-MHz linear array B-mode ultrasound scan
probe with a 3-MHz pulsed Doppler scanner (128 XP 10
color flow ultrasound scanner; Acuson, Mountain View,
Calif) was used for the examination. Beginning at the
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saphenofemoral junction, the deep, superficial, and perfo-
rating veins were assessed with Doppler scan flow patterns
and B-mode imaging, as described.10 Compression maneu-
vers and examination of flow patterns with augmentation
identified the presence of either acute or chronic venous
obstruction and determined the competency of perforator
veins. A perforator vein was identified as incompetent if it
was larger than 3 mm in diameter and demonstrated reverse
or bidirectional flow for greater than 0.5 seconds with
compression and release. The medial, lateral, and posterior
calf was interrogated for incompetent perforator veins, and
their location was recorded in relation to the medial or
lateral maleolus.11
Venous reflux in the deep and superficial venous sys-
tems was evaluated with the patient standing, with the
weight shifted to the contralateral limb. A rapid inflation-
deflation system (E20 Rapid Cuff Inflator and AG101 Cuff
Inflator Air Source; Hokanson, Issaquah, Wash) and du-
plex US scanner were used for this examination. Systematic
interrogation of the common femoral, superficial femoral,
popliteal, greater saphenous, and lesser saphenous veins
was conducted, measuring valve closure times. A cutoff
valve closure time of 0.5 seconds was the criterion for
significant venous reflux.12
Venous hemodynamics were assessed with an air ple-
thysmograph (ACI Medical, Sun Valley, Calif). Venous
volume (VV) was measured initially, and reflux into the calf
was determined with calculation of the venous filling index
(VFI). Calf pump function was assessed with measurement
of ejection fraction (EF) and residual volume fraction
(RVF), as described by Christopolous et al.13
Twenty-four limbs in 21 patients with symptomatic
CVI due to superficial and perforator incompetence were
identified. All limbs had a normal deep venous system.
Patients underwent high ligation and stripping of the
greater saphenous vein from the groin to the knee. Prom-
inent varicosities were marked preoperatively, and were
ablated with transilluminated powered phlebectomy, as
described by Cheshire et al.14 Although no specific attempt
was made to ablate varicosities in the area of demonstrated
incompetent perforators, prominent varicosities in this area
were removed. Six to 12 weeks after surgery repeat evalua-
tion of the limb was performed with duplex US scananing,
to determine whether the incompetent perforator vessels
remained incompetent. APG was repeated to determine
hemodynamic function of the residual venous system of the
limb after superficial ablative surgery.
Clinical symptom scores were obtained preoperatively
and at each postoperative clinic visit. Clinical symptom
scores were determined as suggested by the Consensus
Statement in the 1996 Handbook of Venous Disorders15;
its components are listed in Table I. The currently recom-
mended Venous Clinical Severity Score (CSS) was not
used, because initial patient enrollment began before pub-
lication of this clinical evaluation tool.16
Data were collected prospectively, and were maintained
in a computerized registry. The study design was a retro-
spective review of this data set.
Statistical analysis. All statistical analysis was per-
formed with WinSTAT software. Comparison of preoper-
ative with postoperative APG and CSS values was per-
formed with the paired Student t test. Comparison between
groups was performed with the Wilcoxon rank sum test,
and comparison between proportions with 2 analysis.17
P  .05 was considered statistically significant.
RESULTS
Average patient age was 55.8 11.1 years, and 62% of
patients were women. Mean preoperative clinical symptom
score was 5.3 1.9. Disease in all limbs was CEAP clinical
class 3 to 6: class 3 in 4 limbs, class 4 in 12 limbs, class 5 in
4 limbs, and class 6 in 4 limbs. All limbs demonstrated
pathophysiologic dysfunction consistent with reflux of pri-
mary cause. In 19 limbs one perforator vein satisfied the
defined criteria for incompetence, and 5 limbs had 2 in-
competent perforator veins, all located in the gaiter region
of the lower leg. Mean preoperative APG data demon-
strated significant hemodynamic dysfunction: VV, 173 
47 mL; VFI, 6.0 2.9 mL/s; EF, 56.3% 18%; and RVF,
40.1%  19%. Percentage of limbs with abnormal APG
values in each category preoperatively were VFI, 96%; EF,
65%; and RVF, 61%.
After surgical correction of the superficial system, re-
peat duplex US scanning enabled identification of incom-
petent perforator veins in 8 of 24 limbs (33%). No more
than one incompetent perforator vein remained in any
limb; thus only 8 of 29 (28%) incompetent perforator veins
persisted. Postoperatively, persistent incompetent perfora-
tor veins were noted in two limbs with class 3 disease (50%),
Table I. Components of clinical symptom score
0 1 2
Pain None Moderate Severe
Edema None Moderate Severe
Venous claudication None Moderate Severe
Pigmentation None Localized Extensive
Lipodermatosclerosis None Localized Extensive
Ulcer size (largest) None 2 cm diameter 2 cm
Ulcer duration None 3 mo 3 mo
Ulcer recurrence None Once More than once
Ulcer number None Single Multiple
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3 limbs with class 4 disease (25%), 2 limbs with class 5
disease (50%), and 1 limb with class 6 disease (25%).
Postoperative APG values are compared with preoper-
ative values in Table II. Significant improvement was noted
in all values. Distribution of preoperative and postoperative
VFI values is represented in Fig 1. Limbs with persistent
incompetent perforator veins after surgery were separated
and compared as a group to limbs without persistent in-
competent perforator veins. Postoperative APG values in
the two groups are compared in Table III. VFI was signif-
icantly higher in the group with persistent incompetent
perforator veins, but postoperative VFI was 3.1  1.3, a
significant improvement from preoperative VFI in this
group of limbs (7.25  3.4; P  .007) There was no
significant difference in EF or RVF.
Patient follow-up ranged from 10 to 32 months. Mean
postoperative CSS is compared with preoperative CSS in
Fig 2. Only two patients were calculated to have postoper-
ative CSS 2. There was no difference in postoperative
CSS in patients with (1.3  0.5) or without (1.4  0.4)
persistent incompetent perforator veins.
DISCUSSION
As advances in ultrasound technology have improved
the noninvasive imaging of the lower extremity venous
system, perforator veins that allow reversal of flow toward
the superficial system are now identified with higher sensi-
tivity. However, the definition of a clinically significant
incompetent perforator vein has not been determined. It is
clear that some patients have large incompetent perforator
veins and severe limb symptoms, including ulceration. But
do all incompetent perforator veins noted on preoperative
evaluation require treatment? We chose to evaluate patients
with normal deep venous systems, because low rates of
ulcer recurrence and minimal symptoms have been re-
ported after combined superficial and perforator surgery.3,4
This group comprises approximately a third of our popula-
tion with CEAP class 3 to 6 CVI, and many of these
patients are otherwise good surgical candidates.
Darke and Penfold1 reported that patients with super-
ficial and perforator disease, and leg ulceration treated with
superficial surgery alone had a low incidence of ulcer per-
sistence or recurrence. However, there is little reported
hemodynamic data on the results of superficial surgery
without SEPS in this group of patients. Rhodes et al7
reported improvement of strain gauge plethysmographic
data after SEPS, but 70% of patients underwent concomi-
tant superficial venous surgery.
We evaluated limbs with APG as a measure of the
hemodynamic status of the venous system of the limb. VFI
correlates with CEAP clinical class,18 and RVF was re-
ported to correlate closely with ambulatory venous pres-
sure.19 We previously reported the usefulness of APG to
evaluate the results of venous corrective surgery. In this
study, an early postoperative VFI of less than 2 mL/s was
predictive of a minimal clinical symptom score of less than 2
in 94% of patients.20 APG parameters also relate to ulcer
recurrence. Limbs with VFI less than 4 mL/s exhibit a 35%
reduction in risk for recurrent ulceration, compared with
limbs with VFI greater than 4 mL/s.21
Our postoperative evaluations revealed that patients
experienced dramatic improvement as a group, measured
by APG and clinical symptom scores. In most patients
(63%) postoperative VFI was less than 2 mL/s, and in 33%
VFI was 2 to 4 mL/s. Only 1 of 24 patients had a postop-
erative VFI greater than 4. The group of limbs with persis-
tent incompetent perforator veins had low postoperative
CSS, on average, 1.3, and VFI was less than 4 in seven of
eight patients. However, postoperative VFI was signifi-
cantly higher in the group with postoperative incompetent
perforator veins than in those without incompetent perfo-
rator veins. Thus it is possible that some persistent incom-
Table II. Comparison of preoperative and postoperative APG values
APG parameter (normal range)
VV (80-170 mL) VFI (2.0 mL/s) EF (60%) RVF (35%)
Preoperative mean 173  47 6.0  2.9 56.3  18 40.1  19
Postoperative mean 132  37 2.2  1.3 61.6  21 28.3  18
P .001 .001 .018 .009
APG, Air plethyomography; VV, venous volume; VFI, venous filling index; EF, ejection fraction; RVF, residual volume fraction.
Table III. Comparison of postoperative APG values in patients with and without postoperative IPVs
APG parameter (normal range)
VV (80-170 mL) VFI (2.0 mL/s) EF (60%) RVF (35%) CSS
Persistent IPVs 158  21 3.1  1.3 62.8  26 31.5  23 1.29  0.5
No persistent IPVs 119  36 1.8  0.8 59.5  14 26.9  17 1.38  0.4
P .02 .04 .38 .28 .55
APG, Air plethyomography; IPV, incompetent perforator vein; VV, venous volume; VFI, venous filling index; EF, ejection fraction; RVF, residual volume
fraction; CSS, clinical symptom score.
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petent perforator veins will cause symptoms at longer fol-
low-up. An average follow-up time of 18 months is
relatively short for patients with CVI, because several years
may be required before persistent venous insufficiency re-
sults in recurrent symptoms. Longer observation of this
patient cohort is planned, with repeated APG and duplex
US scanning, to reconsider the implications of these early
results.
In a study of the hemodynamic results of surgery in
patients with superficial, perforator, and deep venous re-
flux, Akesson et al22 performed superficial stripping ini-
tially, followed by a second, staged procedure for perforator
interruption. AVP measurements were significantly im-
proved after superficial stripping, but no further improve-
ment in AVP was noted after subsequent perforator inter-
ruption.
Correction of incompetent perforator veins in most
patients could have occurred as a result of several potential
mechanisms. It is possible that ablation of superficial vari-
cosities eliminates the outflow tract for reverse flow in an
incompetent perforator vein, rendering it competent. It is
also possible that elimination of superficial axial reflux
reduces pressure on the incompetent perforator vein, re-
ducing its diameter and allowing it to regain valvar compe-
tence. These possibilities were previously proposed by Stu-
art et al.9 If ablation of the outflow tract is the actual
mechanism, then superficial ablation actually performs ex-
trafascial perforator ligation, thus requiring that specific
attention be paid to the area of the incompetent perforator
vein. If elimination of superficial axial reflux is the primary
mechanism, superficial ablation need be performed only in
the area of dilated varicosities.
Another possible mechanism may be that many incom-
petent perforator veins have little relative hemodynamic
significance in comparison with superficial reflux. Zukowski
et al23 evaluated limbs with incompetent perforator veins
with AVP, and reported that 30% of incompetent perfora-
tor veins were hemodynamically insignificant, 35% were
moderately significant, and 25% had major hemodynamic
significance. The critical question concerns preoperative
determination of incompetent perforator veins that are of
clinical significance and require treatment at the initial
surgery. Delis et al24 addressed this issue in an attempt to
identify characteristics related to more important incompe-
tent perforator veins. The amount of venous volume dis-
placed outward to the superficial venous system in 1 second
after compression release correlated well with CEAP clini-
cal class. They proposed that the early hemodynamic func-
tion of the incompetent perforator vein, rather than dura-
tion of reflux, determines its clinical effect on the leg.
In conclusion, we believe that our data support the
hypothesis that in most patients symptomatic CVI due to
superficial and perforator vein incompetence, without deep
venous insufficiency, can be treated with superficial ablative
procedures. Symptoms may develop later as a result of
persistent incompetent perforator veins, but anatomic and
hemodynamic data suggest that these will affect a minority
of patients. Longer-term follow-up of this population is
required to help determine which incompetent perforator
veins identified preoperatively should undergo specific
treatment.
We acknowledge the expert technical assistance of
Patty Daniel, RN, RVT, Cindy Burnham, RN, RVT, Niki
Baker, RVT, and Jesse Thomas, RVT.
Fig 1. Distribution of venous filling index (VFI) values measured
before and after superficial venous ablation. Normal VFI, 2
mL/s.
Fig 2. Comparison of mean clinical symptom score (CSS) before
and after superficial ablative surgery (P  .01).
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